Introduction
• One of the major requirement needed in order to make nuclear energy economical viable, safe proof, and gain a wide acceptance is related to the reduction of uncertainty associated to the design and operation of nuclear reactors and fuel cycles. nuclear reactors and fuel cycles.
• Industry and utilities want reduced uncertainty for economical reasons (design and operation), while safety authorities want "guaranteed margins" that they can trust. As nuclear reactors are perceived as safe proof, acceptance becomes more widespread.
• The neutron cross section uncertainty are classified as epistemic ones. These are uncertainties related to lack of knowledge. Reduction of the epistemic uncertainty can be performed when useful and relevant epistemic uncertainty can be performed when useful and relevant experimental information is available through an adjustment (also called: calibration, tuning, assimilation) process.
• The major drawbacks of the classical adjustment method are related to The major drawbacks of the classical adjustment method are related to the multigroup cross section approach. This implies several constraints: -potential limitation of the domain of application of the adjusted data -fixed energy multigroup structure gy g p -dependence on the neutron spectrum used as weighting function and the code used to process the basic data file
Consistent Data Assimilation
• A new approach has been developed in order to adjust physical parameters and not multigroup nuclear data, the objective being now to correlate the uncertainties of some basic parameters that characterize th t ti d i ti t th di b t the neutron cross section description, to the discrepancy between calculation and experimental value for a large number of clean, high accuracy integral experiments.
• This new approach is the first attempt to build up a link between the • This new approach is the first attempt to build up a link between the wealth of precise integral experiments and basic theory of nuclear reactions. By using integral reactor physics experiments (meter scale), information is propagated back to the nuclear physics level (femtometers) In this way the worlds of reactor nuclear physicists and (femtometers). In this way, the worlds of reactor nuclear physicists and that of nuclear physicists are bridged together.
• The classical statistical adjustment method can be improved by "adjusting" reaction model parameters rather than multigroup nuclear j g p g p data. The objective is to associate uncertainties of certain model parameters (such as those determining neutron resonances, optical model potentials, level densities, strength functions, etc.) and the uncertainties of theoretical nuclear reaction models themselves (such ti l d l d l ilib i d fi i as optical model, compound nucleus, pre-equilibrium and fission models) with observed discrepancies between calculations and experimental values for a large number of integral experiments. 
Consistent Data Assimilation Consistent Data Assimilation

EURACOS
• The Ispra sodium benchmark project was performed under the EURACOS (Enriched URAnium COnverter Source) irradiation facility.
Measurements with activation detectors were carried out at distances • Measurements with activation detectors were carried out at distances from the source for 32 S(n,p) and 197 Au (n,γ) in order to analyze fast and epithermal neutron attenuations.
JANUS-8 Sodium Propagation Experiment p g p
• The JANUS Phase 8 experiments were performed at the ASPIS facility.
• The neutron attenuations of several different detectors were analyzed and in particular for the following reaction rates: 32 S(n p) 32 P and in particular for the following reaction rates: 32 S(n,p) 32 
Selection of Reaction Rate Slopes Selection of Reaction Rate Slopes
• A set of reaction rate slopes (one for each detector in the two experiment campaigns) was selected experiment campaigns) was selected.
• The selection was based, on: -low experimental and calculation uncertainty, d d i ti f th t tt ti f th t -good depiction of the neutron attenuation for the energy range to be characterized by the corresponding detector, -complement of information (obtained by correlation calculations using the sensitivity coefficients) us g t e se s t ty coe c e ts) -good consistency among the C/E on the selected slopes • The selected slopes were the ratios of the fourth position to the first one for both detectors in the EURACOS experiment, while for the p , JANUS-8 experiment we selected the fourth to first position ratio for the 32 S and 197 Au detectors, fourth to second position for the 55 Mn (there was no measurement in the first position), and third to first for the 103 Rh (the fourth position has a very large experimental uncertainty) (the fourth position has a very large experimental uncertainty)
Statistical Adjustment Method
The method makes use of:
• "a priori" nuclear data covariance information,
• integral experiments analysis to define C/E values • integral experiment uncertainties 
Data Assimilation Data Assimilation
Detector C/E before assim. • MCNP calculations with these cross sections were performed for MCNP calculations with these cross sections were performed for JEZEBEL, GODIVA, BIG TEN, ZPR6-6A, and ZPR6-7 on K eff and spectral indices. • First Quarter Milestone: Perform analysis of EURACOS experiment f i t f b i l t f 23 N for improvement of basic nuclear parameters of 23 Na.
• Second Quarter Milestone: Perform analysis of JANUS-8 experiment for improvement of basic nuclear parameters of 23 Na. • Fourth Quarter Milestone: Perform data assimilation of 235 U and 239 Pu • Fourth Quarter Milestone: Perform data assimilation of U and Pu using the experiments analyzed during the current fiscal year.
• Yearly Milestone: Extend assimilation procedure to allow consistent • Yearly Milestone: Extend assimilation procedure to allow consistent data assimilation on fissile isotopes, relevant to AFCI reactor systems. 
